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Fenestrated and branched devices in the pipeline
Roy K. Greenberg, MD, and Moqueet Qureshi, MD, Cleveland, OhioClinicians and corporations have been struggling to
address the limitations imposed by the design of cur-
rently available endografts since initial commercial re-
lease.1-3 Imaginative procedures have been developed or
modified to allow for the coverage of the aorta in the
region of critical branches including early descriptions of
the “snorkel” technique4,5 and extra-anatomic mesen-
teric bypasses6,7 (See the articles by Drs Vallabhaneni
and Sanchez, Longo and Pipinos, and Srivastava). Oth-
ers have forayed into the realm of simple coverage of
arteries such as the internal iliacs,8,9 celiac or subclavian,
with mixed results.10 Yet, ultimately, few would argue
that the basic tenets of vascular surgical reconstruction
would apply to vessel preservation whenever possible,
using either open or endovascular techniques (See the
article by Drs Matsumura and Rizvi). For these reasons,
there exist a multitude of investigational devices in the
pipeline to aid clinicians to tackle the patients that re-
quire complex aortic repairs with endovascular tech-
niques.
INTERNAL ILIAC ARTERY BRANCH
GRAFTS (IBDS)
Two designs have been put forth by Cook Inc
(Bloomington, Ind), one with a straight side-arm branch
(S-IBD), and the other with a helical branch (H-IBD).
The straight branch has a relatively short overlap zone
for the mating stent graft and thus, is intended for use
with a balloon-expandable stent graft (Atrium [Atrium
Medical Corp, Hudson, NH] or Jomed [Abbott Vascu-
lar Devices, Santa Clara, Calif]),11 while the helical IBD
has a longer overlap and can be used with self-expanding
stent grafts (Fluency [Bard, Murray Hill, NJ] or Viabahn
[W. L. Gore, Flagstaff, Ariz]).12,13 Both devices are
modular and intended to be joined to a conventional
abdominal aortic aneurysm (AAA) graft with a limb
extension component. Both devices utilize the same
delivery system that includes a wire that is preloaded
through the branch and out of the proximal aspect of the
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ally the contralateral groin) and provides ready access
into and through the branch with a sheath. While the
sheath is held in place, ensuring access into the branch,
the valve of the sheath is double punctured, and a second
wire with a catheter is used to gain access into the target
internal iliac artery. The mating stent graft is deployed to
provide adequate overlap within the IBD device and the
internal iliac artery. The IBD is then mated proximally to
the desired aortic components. The latest development
involves the combination of an H-IBD device with the
distal bifurcated component of fenestrated device, re-
ferred to as the bifurcated-bifurcated device (BB-IBD).
The addition of the helical side arm to the ipsilateral
(long) limb of a bifurcated aortic device makes concep-
tual sense, as it eliminates two modular joints from an
IBD repair, but would otherwise regulate access into the
internal iliac branch to the brachial/axillary circulation.
This limitation has been overcome by the development
of a self-sealing fenestration just above the ostium of the
helical branch origin on the medial wall of the iliac limb.
The self-sealing fenestration is the exit site for the pre-
loaded wire, which is snared in a manner identical to that
with the standard IBD devices. Sheath can then be
advanced over the preloaded wire into the branch and
the repair is then completed as above. When the pre-
loaded wire is removed, the sealing stent (a covered
z-stent) falls over the fenestration and functionally ex-
cludes the aneurysm. Fig 1 depicts the H-IBD, S-IBD,
and BB-IBD.
Although Cook Inc reports that IBDs have been
used in well over 1000 cases, the published literature is
more scarce. A recent review described 196 implants,
with technical success ranging from 85% to 100%, with-
out any aneurysm-related mortality. Approximately 10%
of the IBD devices occluded, and half of those patients
developed claudication.14
Centers that have a moderate volume of IBD implan-
tation along with other branched devices intended for
complex aortic repair argue that IBD placement is excel-
lent training for techniques that are required for use in
more complex branched devices. Most of the IBD de-
vices are off-the-shelf, thus require no customization and
are mated with devices proven effective in the treatment
of AAA disease. Furthermore, the potential to avoid the
creation of claudication only makes sense, particularly in
the setting of the large industry designed to treat clau-
dication attributed to lower extremity vascular disease.
However, others argue that the need for preservation of
antegrade flow into the internal iliac circulation is of
limited value and claim that both unilateral and bilateral
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the creation of major complication and severe claudica-
tion. Most clinicians agree that the internal iliac circula-
tion is an important mechanism to provide collateral flow
to the spinal cord when performing endovascular repair of the
more proximal aortic segments.15
VISCERAL SEGMENT DEVICES
The management of aortic aneurysms with insufficient
neck for sealing below or above the visceral segment has
been the subject of considerable debate. Several techniques
have been described whereby commercially available de-
vices are modified using a “snorkel” technique allowing the
aortic device to be placed proximal to the renals.16 Thoracic
endografts have been used within the distal thoracic aorta
with elective celiac coverage in the setting of an absence of
supra visceral sealing zone. However, the use of fenestrated
devices simply allows for extension of the sealing zone
indefinitely, limited only by the desire to limit the number
Fig 1. A, Helical iliac branch device. A catheter and wi
that transcends from the common iliac to the external il
create a gradual curvature for the branch intended for th
between the internal iliac device and iliac limb.B,Helical
graft mated with a Fluency graft that is intended to exten
iliac branch device. This device is mated with a balloo
D, Bifurcated bifurcated iliac branch device.of visceral vessels incorporated into the repair.FENESTRATIONS
Fenestrations in endografts were first suggested in the
late 1990s by Brown,17 and fenestrated devices are now
used commercially in Europe, Australia, and other loca-
tions, with over 5000 implants completed. In the United
States, Cook Inc has completed a phase I multicenter trial
of their fenestrated device involving 30 patients18 and
subsequently enrolled an additional 12 patients to evaluate
a mating renal stent. Their application for commercializa-
tion is under review at the FDA. Additional multicenter
trial data were completed in France and have been pub-
lished.19
The device is conceptually simple, with holes (or fenes-
trations) customized to match the geometric relationship
of the target visceral vessels that are reinforced by nitinol
wires. The device is inserted, oriented, and the sheath is
withdrawn, yet the graft material remains partially con-
strained using a tethering trigger wire ensuring the ability
to fine-tune rotational and longitudinal device position.
The aortic graft is then cannulated from a remote site,
preloaded into the limb, which wraps around the limb
tery. The curved nature of the limb provides support to
rnal iliac artery, allowing considerable overlap (2.5 cm)
ranch device with bridging stent graft. It shows the same
p into the internal iliac circulation. C, Straight side-arm
andable stent to couple with the internal iliac artery.re are
iac ar
e inte
iliac b
d dee
n-exptypically the contralateral femoral, and the visceral vessels
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stents or stent grafts are then deployed to join the aortic
component with the visceral vessel target. Distal and prox-
imal aortic components are then added to complete the
repair.
ZENITH FENESTRATED DEVICE
The largest series relating to the Cook device is from the
Cleveland Clinic, attesting to the safety, efficacy, and durabil-
ity of the procedure in the hands of endovascular experts.20 A
meta-analysis and several reports out of Europe and Australia
indicate that such technology can be disseminated.21 How-
ever, several criticisms have been justly poised regarding this
approach. These include the potential durability issues of
balloon-expandable stents mated with the aortic component,
the delay required for device customization (6-12weeks), and
the level of expertise required for planning or device implan-
tation. Such concerns have spurred development of a number
of new devices.
ZENITH P-BRANCH DEVICE
Another device made by Cook Incorporated involves a
Fig 2. A, Preloaded fenestrated delivery system manuf
Inc. The device consists of a sheath into which the fenes
mounted on trigger wires that traverse both of the renal
exit the fenestrations allowing renal access with specificastandardized fenestrated design that is intended to incor-porate the renals and superior mesenteric artery (SMA)
within fenestrations and maintain patency to the celiac with
a scallop. The renal fenestrations have been modified to
provide a larger range of longitudinal and radial range of
potential alignment with respect to target vessel origin.
Based on retrospective analysis of the geometry of treated
visceral segment, this device, using four or five different
diameters (ranging from 24mm to 36mm), should accom-
modate up to 70% of patients with pararenal aneurysms.
The device utilizes the preloaded fenestrated delivery sys-
tem, whereby sheaths and wires transcend the delivery
system and dock in the renal fenestrations. Thus, access into
the distal aspect of the graft and origin of the fenestration
are not required. Fig 2 depicts the delivery system for a
Zenith preloaded fenestrated device.
ENDOLOGIX DEVICE
This design incorporates two renal fenestrations and a
scallop for the SMA. Based on review of anatomic position
of visceral and renal vessels in patients with juxtarenal and
suprarenal aneurysmal disease, the Endologix off-the-shelf
design would accommodate nearly 85% of anatomic vari-
d by Cook Inc delivery system manufactured by Cook
device is loaded along with two catheters and sheaths,
es. The catheters can then be advanced over the wires to
signed catheters (B).acture
trated
arteriants that may be encountered. The delivery system includes
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allow cannulation of the renal branches with catheters prior
to graft deployment. After positioning catheters and wires
in the renal arteries, the prepositioned sheaths can be
advanced into the renal arteries and the graft is positioned
with the scallop at the level of the superior mesenteric
artery. Deployment of the main body is followed by place-
ment of the covered renal stents to complete the procedure.
The device has been tested in animal models andmultiple in
vitro deployments in complex aortic and visceral branch
anatomy with significant success and, based on this experi-
ence, plans are underway to initiate human implants in the
fourth quarter of 2010. Fig 3 depicts the Endologix fenes-
trated device.
HOME-MADE FENESTRATIONS
Several reports of modifying commercially approved
AAA or thoracic devices, with the creation of “hand-made”
fenestrations by partially deploying the device in the oper-
ating room, creating the fenestrations in accordance with
computed tomography (CT) measurements, and then re-
constraining the device have been published.22 The proce-
dure is useful in the setting of urgent and emergent repairs
when patients cannot tolerate alternative therapies but has
been criticized for a lack of quality assurance, the potential
for graft contamination, and limited accuracy with respect
Fig 3. Endologix device. This image represents an off-the-shelf
version of a fenestrated device that contains two renal fenestrations
and a scallop for the SMA.to the creation of the fenestrations. Consideration has beengiven to the creation of a “kit” that would address some of
these issues, and individual center studies are in the process
of developing protocols for this approach.
SIDE-ARM BRANCHES
Side-arm branched devices have been advocated for
extensive (type I, II, and III) thoracoabdominal aneurysms
and now some arch and distal ascending aneurysms. Akin to
fenestrated devices, the experience has been limited to a few
high-volume US centers and many centers in Europe and
Australasia.12,23-25 Side arm branches can reside external to
the aortic graft, internally within the aortic graft or a mix of
the two designs (so-called internal-external branches). Side
arms are largely intended to be mated with self-expanding
stent grafts (such as the Fluency or Viabahn) and thus either
require a considerable length of overlap (2 cm) or addi-
tional stiffness provided by concurrent use of a balloon-
expandable stent or stiff self-expanding stent (Wallstent;
Boston Scientific, Natick, Mass). A modified branch design
has been developed by Piotr Kasprzak, in Reagansburg,
Germany, whereby the straight side arm branch is extended
slightly with the addition of a length of crimped, reinforced
graft material to increase the overlap zone. In general, all of
the devices consist of side arms that may be directed axially
(straight up and down) or at an angle (helical or angled).
The devices are generally used in conjunction with one or
more preloaded catheters and wires which can be used to
stabilize sheaths introduced from the axillary artery and
provide rapid access into the target branch (these are par-
ticularly useful in the setting of aortic tortuosity). Fig 4
depicts the straight and helical side-arm devices.
Limited numbers of publications exist in spite of the
large numbers of implants that have reportedly been per-
formed. Again, the Cleveland Clinic has the largest series,
with the most recent data on 622 patients stratified by type
of aneurysm repaired being published shortly.26 A subset of
these patients treated with endovascular branch grafts were
compared with open surgical patients with similar ana-
tomy.15 The risks of mortality and paraplegia between the
groups were similar despite the increased age and fraility of
the endovascular population. The University of California
at San Francisco has a number of publications that describe
similar results, with the most recent relating to a “standard-
ized device” that is intended for use in most patients with
type II or III thoracoabdominal aneurysms.27 A similar
type of standardized device has been used at the Cleveland
Clinic for the SMA and celiac artery, while the renals have
been treated with fenestrations in a manner similar to the
P-Branch device.
ARCH BRANCH DESIGNS
W.L. Gore, Medtronic (Santa Rosa, Calif), and Cook
Inc have been developing arch branch devices and pre-
sented information publicly. This is a complex area where
the inherent curvature of the arch, the closely packed
supra-aortic trunk vessels, and the potential for serious
adverse consequences in the setting of failure have stuttered
development. The Gore and Cook designs are somewhat
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with self-expanding stent grafts in a modular fashion. The
device from W.L. Gore has a single internal side arm that is
intended to be mated with a Viabahn graft. There are two
versions of the device, one intended to preserve antegrade
flow into the left subclavian artery and the other intended for
more proximal placement with a branch into the innominate
artery. The remainder of the supra-aortic trunk vessels obtain
flow via extra-anatomic bypass conduits. The Cook arch
branch device anchors and seals more proximally within the
ascending aorta (5-7 cm proximal to the innominate origin)
and includes at least two branches, which can be used for any
twoof the three supra-aortic trunkbranches.Themating stent
grafts for the Cook device can be either Viabahns or Fluency
when the target vessel arterial diameter is relatively small.
Given the relatively large diameter of many innominate arter-
ies, amodifiedZenith Flex limbmay be used, to allow for the
treatment of innominate diameters of up to 20 mm. The
Medtronic device is platformed after theMedtronic Valiant
Captivia endograft and system, with a single cuff that
extends from the graft with an intended site with the origin
of the left subclavian artery. The device is intended to mate
with a balloon-expandable stent graft. Analgous to the
Cook delivery system, the Medtronic device is equipped
with a preloaded wire that will assist with orientation and
branch access. This wire would be snared from one of the
supra-aortic trunk access sites. Fig 5 depicts the three arch
Fig 4. A, Standard side-arm device intended to treat m
Cook Inc, consists of short side-arm branches for the celi
to be mated with Fluency grafts that are then lined with
branches can be used that wrap helically around the aortic
provides additional overlap for mating devices, as well as d
used in conjunction with a Fluency graft without additio
frequent upward nature of the renal arteries in large pro
preloaded catheter and wire. The wire is snared from an a
allowing cannulation of the target vessel.branch devices.All of the arch branch designs for each of the companies
are intended to be “off-the-shelf” devices that require only
sizing with respect to the device diameters. Description of
technical aspects is detailed in the article by Drs Longo and
Pipinos. Only seven clinical cases have been performed and
all were with the Cook device. Experience with the W.L.
Gore device and Medtronic device is limited to preclinical
testing and animal studies. Gore intends to initially clinical
feasibility studies during the first quarter of 2011,
Medtronic in the second to third quarter of 2011, while
Cook has started clinical evaluation of the device interna-
tionally and at two US and two European centers. Much of
the challenge with arch device development centers on the
complex anatomy of the arch, whereby the stent graft-
artery interface resides within a difficult environment; one
that is highly curved, mobile, pulsatile, and risky. Pre-
clinical testing of many devices has detected failure in
terms of fracture and high-strain areas, resulting in many
iterations of devices prior to any human testing.
CONCLUSIONS
Several strategies are now being employed to apply
endovascular solutions to complex aortic problems. Branch
devices are all conceptually similar in that they are either
fenestrations or side arms, all are modular, and intended to
mate with self-expanding or balloon-expandable stent
grafts. It appears that most of the studies that have focused
type II and III thoracoabdominal aneurysms, made by
perior mesenteric, and renal arteries. These are intended
tents (Boston Scientific, Natick, Mass). Longer side-arm
ponent of the device in the setting of larger lumens. This
orientation into the target vessel (B). Typically, these are
ning. However, renal fenestrations are used to given the
l aneurysms. C, Helical standard side-arm device with a
approach providing ready access into the target branch,ost
ac, su
Wall S
com
irect
nal li
xima
xillaryon in situ creation of branches are further behind that the
coupled with a balloon-expandable stent graft.
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branches. Finally, all of the companies are interested in the
creation of off-the-shelf design likely because of challenges
that will occur with production, patient wait times, and
preclinical testing. Advances in imaging technologies that
have paralleled the advances in branch technologies will
help to make such procedures less arduous and more feasi-
ble at many institutions.
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